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1
Introduction

“NR-based Access to Unlicensed Spectrum” was approved to be a new study item for the future NR releases in RAN #75 (March, 2017) [1], the new study item has been started in RAN1 #92 (Feburary, 2018) and the working item has been started in RAN1 Meeting AH1901 (January, 2019).  Unlike LAA/eLAA system, NR-U HARQ A/N may be transmitted in unlicensed spectrum wherein the HARQ A/N transmission may suffer interference from the other devices operated in the unlicensed spectrum.  Therefore, NR-U HARQ A/N reliability may be reduced.  For improving NR-U HARQ A/N performance, cross-COT HARQ-ACK feedback and multiple opportunities for HARQ-ACK feedback can be considered. The following agreement was made in RAN1 Ad-Hoc Meeting 1901 [2] and more design details are discussed in feature lead summary in the previous meetings [3]-[5].
	Agreement:
· RRC parameter dl-DataToUL-ACK supports a value that can be signaled by PDSCH-to-HARQ-timing-indicator, which indicates that the UE needs to store the HARQ A/N feedback result for the corresponding PDSCH, and which does not provide any timing for the transmission of this HARQ A/N feedback result

· No additional value of K1 signaled by PDSCH-to-HARQ-timing-indicator needs to be introduced for the purpose of requesting feedback outside the COT (i.e. Alt3 in TR38.889 section 7.2.1.3.3)

· Further discuss the details for determining the LBT type for the UE transmission of HARQ A/N feedback for this case

· Further discuss whether additional values need to be introduced for the purpose of requesting feedback inside the COT

· If additional values are introduced these can also be used for requesting feedback outside the COT

· Note: This does not necessitate that the UE needs to know whether the feedback is inside or outside the COT at the time when the feedback is requested

· For enabling multiple opportunities for HARQ A/N transmission and for cross-COT HARQ-ACK feedback, at least the following is supported:

· gNB requests/triggers feedback for PDSCH from earlier COT(s) or additional reporting of earlier HARQ feedback, where the exact HARQ feedback timing and resource is provided to the UE in another DCI (in the same or in another COT)




This contribution aims to share our opinions on potential HARQ enhancements for NR-U. 
2
Discussion
Multiple opportunities for HARQ A/N transmission

Potential solutions to allow cross-COT HARQ-ACK feedback and multiple opportunities for HARQ-ACK feedback are provided in TR 36.889 [6] as described in the following Table.

Table 7.2.1.3.3-1 in [6]: Possible alternatives to support multiple HARQ-ACK opportunities
	
	Cross-COT HARQ-ACK feedback
	Multiple opportunities for HARQ-ACK feedback

	Alt1: gNB requests/triggers feedback for PDSCH from earlier COT(s) or additional reporting of earlier HARQ feedback, where the exact HARQ feedback timing and resource is provided to the UE in another DCI (in the same or in another COT)
	Alt1a: request/trigger reporting of HARQ feedback for earlier COT(s) or additional reporting of earlier HARQ feedback without explicit signaling of HARQ process ID, possibly along with other HARQ feedback reports (e.g. for the current COT)

Alt1b: request/trigger reporting for a set of HARQ processes, either for all configured HARQ processes (e.g. group feedback), or for a set of HARQ process IDs or HARQ process ID groups

	Alt2: UE is configured/allowed to report HARQ feedback for PDSCH from earlier COT(s) without an explicit request/trigger 
	UE autonomously reports UCI with additional information about HARQ processes - e.g. corresponding to PDSCH from earlier COT(s) - that are reported in PUSCH [or PUCCH] along with the HARQ-ACK feedback.

	Alt3: gNB requests feedback outside the COT by PDSCH-to-HARQ-timing-indicator in the DCI scheduling the PDSCH
	The UE will attempt reporting at the indicated time and resource (e.g. in a UE-initiated channel occupancy), even if the PDSCH-to-HARQ-timing-indicator indicates a slot that falls outside the gNB-initiated COT.
	Not a solution if PDSCH-to-HARQ-timing-indicator can only indicate a single value

	Alt4: preconfigured/pre-indicated multiple opportunities in frequency domain in different LBT subbands
	Possible if this is combined with Alt1 or Alt2 or Alt3
	Possible for indicating multiple candidate PUCCH or PUSCH carrying HARQ-ACK feedback

	Alt5: preconfigured/pre-indicated multiple opportunities in time domain
	The UE will attempt reporting at the preconfigured/pre-indicated times and resources (e.g. in a UE-initiated channel occupancy)
	Alt5a: Multiple candidate opportunities by providing multiple timings in PDSCH-to-HARQ-timing-indicator and/or other DCI fields

Alt5b: Multiple candidate slots in a window with size configured by RRC. There could be some activation/deactivation by DCI


According to the discussion in [3][4], Alt1 has several advantages and it has been already agreed in RAN1 Ad-Hoc Meeting 1901 [2]. For example, gNB can handle some error cases such as PDCCH miss-detection and/or PUCCH/PUSCH detection failure.  Once gNB aware that error cases happen, gNB can request/trigger feedback for PDSCH from earlier COT(s) or additional reporting of earlier HARQ feedback.  However, Alt1 requires an additional signalling per COT for requesting/triggering HARQ A/N feedback for PDSCH from earlier COT(s) or additional reporting of earlier HARQ feedback.
Alt2 can support that UE autonomously transmits the unreported HARQ-ACK feedback.  For example, UE may autonomously transmit the unreported HARQ-ACK feedback when PUCCH/PUSCH doesn’t pass LBT, or HARQ-ACK feedback is pending from earlier COT(s).  However, Alt2 cannot overcome the hidden node problem because UE doesn’t know whether gNB receives the HARQ-ACK feedback or not.
Alt3 allows HARQ-ACK feedback outside the COT. But the performance of HARQ-ACK transmission outside the COT is worth to be considered.  Generally speaking, the transmission performance outside the COT may be worse than transmission inside the COT due to gNB be responsible for occupying the channel.  We need some evaluation for confirming whether Alt3 can be supported.
Alt4/Alt5 enables UE to report HARQ-ACK feedback in preconfigured/pre-indicated multiple opportunities without dynamically indication.  Both frequency-domain opportunities (Alt4) and time-domain opportunities (Alt5) can increase the HARQ-ACK feedback reliability effectively, although HARQ-ACK feedback overhead is worth to be considered/discussed. Comparing with Alt1, Alt4/Alt5 is preconfigured/pre-indicated which doesn’t require an additional signalling per COT for requesting/triggering HARQ A/N feedback.
According to the above discussion, Alt2 cannot handle hidden node problem, and we need some evaluation for confirming whether Alt3 is supported since HARQ-ACK performance outside the COT may be an important issue. Alt4/Alt5 increases the HARQ-ACK feedback reliability effectively by reporting HARQ-ACK feedback in preconfigured/pre-indicated multiple opportunities which is not requiring additional signalling per COT for requesting/triggering HARQ A/N feedback.
Observation 1:
· Alt2 cannot overcome the hidden node problem because UE doesn’t know whether gNB receives the HARQ-ACK feedback or not.
· For Alt3, the transmission performance outside the COT may be worse than transmission inside the COT due to gNB be responsible for occupying the channel.
Proposal:
· Alt4/Alt5 can be supported.
PDSCH-to-HARQ-timing-indicator (K1)
For 30kHz and 60kHz SCS, there are 20 and 40 slots within a maximum COT length wherein the maximum COT length is 10ms, respectively.  For solving the above mentioned problem, some companies suggest to increase the current K1 values and the others suggest to increase the DL-to-UL switching points [5]. However, increasing the corresponding bit-field size of K1 may be an issue if the current K1 values are increased.  On the other hand, increasing the DL-to-UL switching points may not be appropriate for all cases; for example, for a DL-heavy scenario, increasing the DL-to-UL switching points may not be an efficient solution since gNB needs to reserve gaps between DL and UL.  And it may also cause potential loss of access to the medium.  Summarize the above discussions, the PROS&CONS analysis is provided in the following table.  It seems that both options have its pros and cons, and we can consider some enhancement for conquering above mentioned problems.
Observation:
· Both options (increasing the current K1 values and increasing the DL-to-UL switching points) have its pros and cons
· Some enhancements may not be precluded.
Table: PROS&CONS analysis of two options: increasing the current K1 values (Option1) and increasing the DL-to-UL switching points (Option2)
	Options
	PROS & CONS

	Option1:
Increasing the current K1 values
	PROS
	· For 30/60kHz SCS, each case can be supported.

	
	CONS
	· Current K1 value is increased

· Current bit-field size of K1 may be increased

	Option 2:
Increasing the DL-to-UL switching points
	PROS
	· Current K1 value is not increased

· Current bit-field size of K1 is not increased

	
	CONS
	· Cannot be guaranteed for DL-heavy scenario

· Some gaps are required for DL/UL switching

· Potential loss of access to the medium


HARQ Codebook Design
Since NR support both dynamic and semi-static codebook for carrying HARQ-ACK feedback, it’s straightforward to consider both dynamic and semi-static codebook for carrying HARQ-ACK feedback in NR-U. The feature lead summary in the previous meeting [5] summarizes proposals and opinions of companies for supporting HARQ A/N feedback of current COT and previous COT(s). 
According to the summary, dynamic codebook has a smaller codebook size, but it may cause ambiguities between gNB and UE when UE misses the PDSCH transmitted by gNB.  Although semi-static codebook has a larger payload size, the ambiguities between gNB and UE can be prevented when UE misses the PDSCH transmitted by gNB.  However, semi-static codebook may cause an extremely large HARQ codebook payload size especially when the UE needs to report HARQ-ACK feedback of more than one COTs.  It seems that both options have its pros and cons, and we can consider some enhancement for conquering above mentioned problems.
Observation:
· Both dynamic codebook and semi-static codebook have its pros and cons

· Some enhancements may not be precluded.
Table: PROS&CONS analysis of dynamic codebook and semi-static codebook
	Options
	PROS & CONS

	Dynamic Codebook
	PROS
	· Smaller codebook size

	
	CONS
	· Ambiguities between gNB and UE when UE misses the PDSCH transmitted by gNB

	Semi-Static Codebook
	PROS
	· Preventing ambiguities between gNB and UE when UE misses the PDSCH transmitted by gNB

	
	CONS
	· Larger payload size
· It may cause an extremely large HARQ codebook payload size especially when the UE needs to report HARQ-ACK feedback of more than one COTs


3
Conclusions

In this contribution, potential alternatives to allow cross-COT HARQ-ACK feedback and multiple opportunities for HARQ-ACK feedback are discussed. Thus, we suggest that the following observations and proposal can be considered: 
Observation 1:
· Alt2 cannot overcome the hidden node problem because UE doesn’t know whether gNB receives the HARQ-ACK feedback or not.
· For Alt3, the transmission performance outside the COT may be worse than transmission inside the COT due to gNB be responsible for occupying the channel.
Observation 2:
· Both options (increasing the current K1 values and increasing the DL-to-UL switching points) have its pros and cons

· Some enhancements may not be precluded.
Observation 3:
· Both dynamic codebook and semi-static codebook have its pros and cons

· Some enhancements may not be precluded.
Proposal:
· Alt4/Alt5 can be supported.

References

	[1]
	RP-170828, “Study on NR-based Access to Unlicensed Spectrum,” Qualcomm Inc.

	[2]
	RAN1 Chairman’s Notes for RAN1 Ad-Hoc Meeting 1901 (2019-01)

	[3]
	R1-1901357, “Feature lead summary of HARQ enhancements for NR-U,” Huawei (2019-01)

	[4]
	R1-1901437, “Feature lead summary of HARQ enhancements for NR-U,” Huawei (2019-01)

	[5]
	R1-1903423, “Feature lead summary of HARQ enhancements for NR-U,” Huawei (2019-02)

	[6]
	RP-182767, “TR38.889 V1.1.0” 
(2018-12)


[image: image1.png]



